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SYSTEM 

(57)Abstract: 

PURPOSE: To provide a method for automatically 
forming a waveguide, refractive index distribution or 
optical coupling by light incidence and a device obtd. by 
the method. 

CONSTITUTION: An optical refractive index material 2 is 
irradiated with light of a wavelength at which its 
refractive index changes or a photosensitive material is 
irradiated with light of a wavelength at which its 
refractive index changes and the material is insolubilized 
to form the waveguide 3, refractive index distribution or 
optical coupling by using a self-focus effect. The optical 
refractive index materials are otherwise arranged in the 
whole or a part among the plural optical devices and 
these optical refractive index materials are irradiated 
with the light of the wavelength at which their refractive 
indices change from the one or plural optical devices or 
the photosensitive materials are arranged in the whole or 
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a part among the plural optical devices and these photosensitive materials are irradiated with 
the light of the wavelength at which their refractive indices change and the materials are 
insolubilized from the one or plural optical devices, by which the waveguides or the optical 
couplings are formed and the optical coupling among the optical devices is executed. 
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English Translation of JP laid-open 8-320422 

[0057] According to the invention, even if the spreading 
angle of exit light from each optical device is different, even 
if the mode field diameter of exist end from each optical device 
is different, even if the exit light wavelength from each optical 
device is different, or even if the positioning precision is 
rough, the waveguides and refractive index distribution in which 
junction between waveguides is matched automatically, and the 
degree of freedom of shape is large in the waveguides and 
refractive index distribution, and various optical devices, 
optical couplers lessened in positioning precision, and their 
fabricating methods are realized. Therefore, even if the 
spreading angle of exit light from each optical device is 
different , even if the mode diameter of exist end from each optical 
device is different, or even if the exit light wavelength from 
each optical device is different, the invention realizes 
waveguides, various optical devices, self -aligning optical 
couplers and their fabricating methods in which positioning 
precision and junction between waveguides are matched 
automatically, and the degree of freedom of shape is large. In 
this invention, even if the spreading angle of exit light from 
each optical device is different or even if the mode diameter 
of exit end from each optical device is different , transformation 
into a desired pattern is easily realized, and the optical 
coupling efficiency between devices can be enhanced . It is also 
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possible to lessen or suppress decline of efficiency due to 
mechanical precis ion 1 imi ts of V- groove or undulation processing 
or the like, stabilize the module, and simple form waveguides 
and couplers of high degree of freedom. Fig. 59 shows an example 
of optical device realized in LD (or waveguide) , and depicts 
the concept of optical coupling device of the invention. An 
optical refractive index material is coated in a state of 
individual chips or an array before cutting out into individual 
chips , and exposed , and a refractive index distribution is formed 
As a result, the own light exit pattern of the device can be 
transformed into an adequate pattern and emitted. For example, 
the LD has a beam size of about 1 um, and by spreading it to 
about 10 ^m, optical coupling with the fiber or waveguide is 
made easier.' For coating , whole or part of the device ( including 
the light exit end) is coated by dipping or spin coating or the 
like. Writing light is emitted from the exit end. In the case 
of LD, by driving and emitting light , writing light can be produced 
In particular, by utilizing the sel f -focusing effect of exit 
light, a refractive index distribution is formed, and light 
entrapping state is improved and a favorable optical coupler 
is formed . A non- circular mode shape such as LD or flat waveguide 
may be transformed nearly into a circle by self-focusing. The 
optical device may include, aside from waveguide and LD , also 
optical fiber , light emitting diode , photo diode , lens , hologram, 
prism, grating, mirror, pin hole, or slit. Examples of 
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LD/optical refractive index materials are shown below. In an 
LD of 680 nm, an optical refractive index material of 100 Mni 
in thickness is formed. For example, a mixture of epoxy matrix 
with vinyl carbazole, polymerization initiator, or red 
intensifying pigment may be used. By emitting light (about 680 
nm) from the LD , a refractive index distribution is written, 
and by optically or thermally curing and fixing, a device is 
fabricated- This device has a coupling efficiency of 17% with 
a single mode fiber. In the same configuration, when the LD 
not forming refractive index distribution was coupled with a 
fiber , only an efficiency of 5% was obtained . This is considered 
because the mode size of the LD is expanded by the refractive 
index distribution so that the overall coupling efficiency may 
be enhanced. A photosensitive material can be used instead of 
optical refractive index material . Figs . 60 and 6 1 show examples 
of batch forming of refractive index distribution in LD wafer. 
A groove is formed at the LD exit end, and an optical refractive 
index material is disposed, and a refractive index distribution 
is formed by the exit light from the LD . After curing and fixing , 
LD chips are cut out. If necessary, by etching the polymer 
beforehand, it is easier to cut out. In the case of Fig. 61, 
the material is formed in the entire wafer, and the productivity 
is improved. Figs. 62 to 64 schematically show the structure 
of optical coupling module. Fig. 62 (a) and Fig. 62 (b) are 
examples of LD/fiber (or waveguide) coupling module. For 
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example, after fixing LD and fiber in the board with V groove 
of Si and undulations, an optical refractive index material is 
dripped, and the refractive index distribution is written in 
from the LD side by sel f- focus ing effect (or may be written in 
from both LD and fiber sides) . By fixing and curing, a module 
is formed. Light of the LD is expanded to the diameter of fiber, 
and is effectively introduced into the fiber. The optical 
refractive index material may be inserted only between the LD 
and fiber, or may be applied to cover whole or part of the LD . 
Fig. 63 (a) andFig. 63 (b) are examples of PD/ f iber ( or waveguide ) 
coupl ing module . For example, after fixing PD and fiber in the 
board with V groove of Si and undulations, an optical refractive 
index material is dripped, and the refractive index distribution 
is written in from the fiber side by self-focusing effect. By 
fixing and curing, a module is formed. Light of the fiber is 
guided and effectively introduced into the PD . The optical 
refractive index material may be inserted only between the PD 
and fiber, or may be applied to cover whole or part of the PD . 
Fig. 64 (a) and Fig. 64 (b) are examples of waveguide/fiber 
coupling module. For example, by processing V groove and 
undulations in the polyimide film on Si, after fixing waveguide 
and fiber, an optical refractive index material is dripped, and 
the refractive index distribution is written in from both sides 
of the waveguide and fiber by self-focusing effect. By fixing 
and curing, a module is formed. As a result, the waveguide and 
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fiber are coupled efficiently. The optical refractive index 
material may be inserted only between the waveguide and fiber, 
or may be applied to cover whole or part of the LD . Instead 
of the optical refractive index material, a photosensitive 
material may be used. 



Fig. 62 

1 Writing 

2 Optical refractive index polymer 

3 Fiber (waveguide) 

4 Optical coupling 

Fig. 59 

1 Optical device (LD, waveguide, etc.) 

2 Optical refractive index polymer 

Fig. 63 

3 Writing 

4 Optical refractive index polymer 

5 Fiber (waveguide) 

6 Optical coupling 

Fig, 60 

1 Optical device (LD, waveguide, etc.) 

2 Optical refractive polymer 
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Fig. 64 

1 Waveguide 

2 Fiber 
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% a %m ^ ^t^-BftoM^is tc/^7t:t^ 14 ^ ^ t:t . it < -r 

X CD tol^a ;:)^ 6 tHI^ L /C7^ J: .^7fe1vrf4 ^ St^ 5 -ti" /c 
Ci^^($a^T-57fe'rV^^^X. 

[fl^Kiil 44] 7tT^^^''rx7:)^LD^:rcti2^i^3§t:^c 
\XitVy Aj^t:^:^^ iisfcJMl 4 2^/cti 1 4 3iB*Jc<D 
3lc'r>'^V X, 

:ii5t^iMl 4 5 ] 7t7^Vs,/:7.cD^af5^/ctJ^Vj:< £^ 
xcDffll^S^^ 6 ffll^ U /c*cc J: D ffil^TtcD-fe ;U :7 y 

XCD|;l:i9#S7:?^6l:i:lS^ L/cT^tCj: ^3 immo^-^^JUy V :t - 



(8) 

13 

[it>)<Jl 14 9] ^IS!07^r^WX(7>^^f5$ /cti::i>;ti: 

5f<rf 1 4 8 ^/ct^ 1 4 9iE«CD7'cM^-tt^ru-;U, 

[#feH^(Di^.mi^H^] 
[0 0 0 1] 

[0002] 

ber to the Home tj: ^itWM(D-{§.W)^M 

^ /:c ^ CD U i^j: n ^'j: 6 C ^ 
[0 0 0 3] L/J^L^f50i6. f^^CC^dl^rti. ^g^Sgc?:^ 40 

( 1 ) vmmrj: ^(Dj^'f^u :^m<DiiLmn&(Dmm^rj^ 

^i)^^^^ 50 



^r^l^l^ 8-320 422 
^ic. '^nViUib 5 - 4 3 5 3 8 -^-^^^N^B^J 6 0 - 1 7 3 5 

[0 0 0 4] 

mit (Wit) -^'^mm mr. \'mmm^ iiET) ^ 

[0 0 0 5 ] ^mmt. m-yx. 7tAi^^c J: 0 m^c 
2^ § ^ ^ 0 iM ^ # ^ 77 a i ^ c J: 0 ^ 1 1 ^ s- 

Hi- ^ ?^=c i L r . 2g^^{fS[p]S§.^M^ ^ 

ii :k J: 0 m% 5 n ^ T- - ^ ^ ^1:^ j^j: i cD/S^/r^ 

^/c. 7fer^WXhBI#^7:)^6cr)7^mS^CcJ:0. 
/a}/?St^)r4^a^MI4Cc;SWm^:m^ffJi7lT^ C i J: 
0 . Ht/aiL/cPpl^.-^. ( 1) - ( 3 ) ^ft??;k^-r^:*ri4. 
J: D^" C n 6 cD:^ffi ^ -rV W ;^ J: E>'^ >^ :x - ;U jMj^ L 

[0 0 0 6]?:c*5. :^m^n^z%^Ctiho:>^>^Ay^^% 
SBffli^lbT^^eiSSgffl- Self-Organ 
ized Lightwave Network (SOLNET) t,^^ ^^(Dt^^W^^X 

[0 0 0 7 ] 

mm^wm hic^(D^m J^mn^^xtwt. imm 
m^tm-^hic^. imh'nmm^^. ^o:>mh^^im.{\L 

[0 0 0 8] '^§^m(^cj:tiu. ^/c. mytwm^^c. ^<d 



(16) 

29 

r^)^^ci. J:^>';^'i^;' hV' xoyfy^-xi^ch i o o 

0nm(A2) i r 6a:)7tOi^^ 6 3 3 nm ( A 10 

4 ) „ ^tc. y T ^ ^<i)^h(Dit ( A 1 ) 6 8 0 nmi 0 
r L D;0>6O7t: ( A 2 ) iffTlD^i^S^ffll^r ^ J:C^„ ^ 
<^>cn;i:. y T ^'^^-a:)Mi|j7^ (A l ) fMtMl^tckt^ 

([115 5 ) . 

[0 0 5 6] ^fc. 115 8 CCt^^-T J:^CC, t'ct^'^WXO 
t^hm^it (A 1) ^tB^i^-tf. JiJ^flTti^i^Tt (A2) 20 

-Ne LaserT^dOjLiW) ^nTfM6 mCD:& 

h (omm0.mm t^^xh. {tmxkm%m^ yyx 
h-^xh. wmmm^i)'^umm^c^^tth^c^ wy\x 

a^tih(Dimyjm^mmx^ 4^mmcj:^). -^yt 

:^t^h(Dmm^^o)^- \'mf^^mtj:'oxh. -^^^^^ 
'<:^i)^h<Dmmi^m^mtj:-yxi,. {m:6k^nm,'m 
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itm^m. -i6Xzy'tnh(D\'f-m}im'^m:mx^'6. :4^^fe 
Xh. mMo:>^^^-'y-^oy^mmmcmmx-^ . 

M^o)]imf)^'^m<trs^^ [EI 5 9 tc. j'cf'j^ -C^'^l. D 

y'm n ai l cd ru^ \m xitm\mtm ^ - > 
^x, cn^m%i.xm^}rmmi'^mfm'^. cnccj: 

0 . 7^" V ^V X [1! WtT^T^ HI m ^ ^ '^->^ ii IE t^^^^ - > 
^I^LrHit'lr-^f mx^U. LDiiX \ ^mmMO)\:::- 
AV^^ XX^^-/)\ cn^ 1 0 umm&txiKii^c t 
Ccj:^)y r ^^<^mm^^tO)yU^^fjm^itX^ n 

t*>ri^-;^, ;^ 'J h;^d:ir^oT<:i:(.^„ UTCCL 
D/T^/SJ/f^WfCD^^'J^^fo 6 8 0 nmOL DCC/f ^ 

1 0 0 iJim<D%jmtkm'^^<>^^^. m'Mtm^\tx.7r> 

D^lffe* (*^6 8 0 nm) ^ -ti-ISJif^^^^^^S^iA;^/. 

^jj^i ivoimhtifc. ^ucw.mx. m^^^^'^B 

^SLi^j:/j>o/cL D^-7 r J^^^^^±ictC^. 5%CD 

immmm(Dt-^t)^^cmimm^m^^hcthx^ 
jf^/iit-r^o fiMfbt^/E^u. \..x)^-yy^W)\\\r. iii.^W: 

4^C, 7^,t^^-^:i7:x--;UCD^iii;5:<i5^f^tjCC^L/c. [16 



31 

2(a) :bJ:0'6 2(b) L D^y r ^ J< { ^/cW 

^tCUr 4>J:C^o 116 3 (a) ijj:0'6 3 (b) tJ. P lO 

i^tjx.ti. S i OVrH. [l£Ii!:if^h3^^t5?CC PDtyy^ 
6 -fer ;U -7 :7 :f ^ X xjjm C c i: 6 /[fi ^mm-i ^ » jA „ 

f*:^/ctJ— aii^S^ J:^CCOr ^J:C^. 1M6 4 ( a ) 4d 
J:C/6 4 (b) tJ:. a^^l^S/':^ r >^IS-^^>^:x 

^W4^saTL. mm^tyy rimm^h'^)^yy 
{tLr^'i^^-;bi-r^c wm^-y y ^mm^^t^ 

[0 0 5 8] 

^cxh'^)i^yy^-tj::^^cx^ mhmcm\M'^^U^ M 30 
^ -t± ^^ffi^-fe: ;U -7 :7 :t - ^ ^ ;S«^^7tJff^;S(D 

J: 0 C ^ < -3 /j^cD^gKlfS ^ a Stj&^ ^f* $ -ti- ^ i^j: O r . 
[0 0 5 9] t.fc. ^^cDiSScDTfe^flgc^/cf^accJ: 

50 



^f^r^l^P-S - 3 2 0 4 2 2 
32 

[[KIT ] :4^"'^Bjr/j7^c7:)^5 6(cfiii(D||^fcf^'-^^ 

[[18 } :4i:Jfeni^m-0^6tcftfi(D^j^^FfJ^'n^-^-M5^[l^^ 

[[1 [ 0 ] -Amm-jTi-m^^ h^moymmv^^s-i^^mm 

[[112] 2':)07t^;^7:)^6co[:idi^7toi|i.Ls^c;)-^'ns[i^ 
[[1 1 3 ] d 1 1 :K5J:j:>[1 1 2cD7fej^i*i^5^^rv^-en^;n 
[II ) 4 ] h^ci^oymw^-^w^^^-mym 

[[115] :^^0^:^i^<73e^6CCftiic7^^Wij^^rr+M^[l 
[[11 6 ] *lfeH^-^-^<7)5 6CCftliC0||5M^^iJ>^7WMx^[l 

[HI?] -Amm-mko^^ ^^^{^(D'm.mm^^s'i'mr^m 

[[118] :^:^HJ^^ffiOi5 6tC(iti(D||»[J^7Ts-r^I^[l 
[[119] :4^^H^-/77:^CD^ 6CCfib(7)^»"(J^7W|I^ll 

[[12 0 ] :$:^n;^:^/i£cD^6Ccftiicr)|IWJ^^-rtM5^[l 
m2 1 ] ^^fl^:^i^cD^6tcft!ico|||iS^iJ^fnrtI^[l 
[g|2 2 ] *#fe9^^ffi(D^ 6icft!j(7:)^jwJ^^-rtM^^ 

[112 3 ] -^mm-n'i^(o^ h^c\^(omMm^^<tm^m 
[[12 4] -j^m]^-}^m(o^ h^c^<omw\^^'^'tm^m 
[112 5 ] :*:iEfeH^:^^a<D^ ^^c\^(owm\^'^-^-tm^m 

[[12 6] :^^0^:^^£(?:)i5 6CCfi^<D^JfeW^^-rtIS[l 
[[12 7] :4^^H^c7:)-^*^:feCcJ:0 2 ;X7c;^rt^l^CC2^i^S§?:>^' 

[[12 8] :$:^bJcd::^^CcJ:D 2 :j^v:^^r^F^^C^ig3g^5 

mcDiir^^o 

[[13 0] ^m-^m^^p>j:^-4^mM<D:^m<D-imm. 



(18) 

33 

[113 1] ^ii^fe'M»-^;A^>j:^<iii(?:)f?y^i^Hj^-^-^fc^i'^t7:) 
[[13 2 ] ^■m-^m^}2:.^>A:^im\9ri:tmn'^tct^^ 

[113 3 ] ^??^S«^^iA^>J:^ft!!COf?fJ^|^H/jT^/c^)C?:) 
[[13 5] ^?J$-g#^ jLA;^>J:^flliOf?(J^i^H;^t-^/c^*'3C73 lo 

tl^^[ir.fe^. 

[113 6 ] ^'Si-^m-^'^^.k^m(Dm^tm'4^^rci^(D 

[[13 8] ^;S;g»^;A^J:^f[l!C?3f^'l^i^a/]1'^/c6^^(?) 

[[13 9] ^^S#^jA/>J:5^t^i(7)^^''IJ^i^H)^•r^/c^i')CD 
tIS[ir*^„ 

[114 0 ] ^'^mm^iAJ^^^6imm^%m'^'^fc^--><D 20 
[[14 1 ] ^mmm^i^^-^j^ ^i^o^m^nm-^' ^tc^(D 

[[14 2] ^i?5j^»^iA^>J:-SftlicDf^''iJ^i^H;^T'S,/c^^j(D 
[[14 3] i^^:gS^jiA^J:^ffi©^iJ^a^B;3-r^/c^cD 

tM5^[ir^^. 

[114 4] ^mmm^^^<^^m(Dm^mm-t^fc^o:> 

[[14 5 ] ^?^:5«^iA;2^J:^ft!2WJ^I^B;^t-^/ci!i)(7) 30 
tM^[ir*^„ 
[[14 6] ^^S*^iA^J:^l(iiCD^iJ^I$feH^T^/ci6CD 

tl^[ir^^. 

[(14 7] ^iifM(j*a;^^^ijffiT^:^^*cD-f^>^i^nj-r^ 

/cfi6cDtI^[l-C^>^„ 

[114 8 ] ^igfirMi|a;|:^^(Jffi-^^^-A-a^O(i^CD^iJ^i^^^ 

[114 9 ] «Sfl^Cj:^«^iA^>^g.ii(D:)tCD^:)feJi(S^;^ 
^'Jffl T ^ ia^(D^^[l r ^ ^ . 
[[15 0] L Dite^CD-t^:^i^iCD— i?lJ^|^B^•r^/^:^^C73 ^0 
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[[15 1 ] ri',f-mcD-A^i^7t'cr^/c;aifr^5>7iTccj: 0 

[[15 2 ] LD(D^:^fy^fb(DamicVm^'}2^t^MJxOm-^ 

[115 3 ] [. [3C7:)^>>^^6C^a:ll^l7tr#-^jAti'm^COto(7) 

f^'ij^-^-^"P4j^[ir^.r:>„ 

[[15 4] m^^i(tcj: <9.^^!^$GLl^llJI^O/cf?i]>^7TrrtM 
s^Iir^^^. 

[[15 5] ttl^^iKcJ:DS^lELl^llSML/cft!iC/:)f?il;^ff^ 
'^1i5^[l'C*^. 

[[15 6] mmn-a^htitc^^^^nm^n'^'^-^'^yv^ 

[[15 7] WPi»^iA^>-/7^<L L DfiijmPJW#iA/>:^JC 

[[15 8] ^Tti^w^i^e^L. ^ommit'^mm'i- '^^m 
^^-rtM5^[ir^^„ 

[[15 9] ,7'cS^r^<"r;:^c?:>li.^>^^r[E[r^>^„ 
[[160] LDO:^ ^^^C\m\fxW-^m'^i:-\Mmr 

[[16 1] LDO:I:^^tc;s^fr^5>^^-^£iB;33cT^^t^icD 

[[16 2] LD//^ T 'r^^'^^^-^:>^^-;K7)^?I);^7T^TfM 

^lir^^. 

[[16 3] [^i:D/:7 t 'rv^'M^^^^v^-;^cDf^'■fJ^^'r^S 

^[ir$)^o 

[[16 4] ii^SS/::^ r ^^te^-'t v^--;^cDl?Ij^'f^-^" 
tI^^[lr*^. 

1 •••T^^II 

2- 7^;SW^5W4 

3- ^^gS§ 

5 ..-:7 T 

6--Y^[i^2gig^ 
1 2 
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4z V y :t - > ^^mm ursij^^b titc^mm 

[0 0 0 9 ] -^mm^c^twt. ^ hi^c^ m^mcoyt'y'^^ 
-< :Aa:>T^<D±nit.fc{t-mc^ ceo 

[001 1 ] 

^^m^mmi^cmm'th. i^uc. \-)vyy it-tit^ 
-Ammm(on-)i^^^ir c i i t ^„ 1 6 aiw-r 

1. 6 2. ^ V ¥ (DW,ifxm= I , t^hmm^tifc 
% (*;^4 8 8nm) t^. *M/f 2 I^^CAI^ $ nt: 

: 1 . ^ \ . mm {^y y Y) m^fxm : 1 . 6 0. 
4:^7" t■-^'^^'•7- 1 . ifiS, 6/imCD:^'^> 
t^r>fc;^-AA:^. 1 y y'^tcK}(Dm^Fr^^itAn 
= 0. 0 0 3 p (pliT^^W-) iLTftm]. ^tSf 
-A >'°P^^*y->'3 >y V K (BPM) ^ffll^rf#6 

mm^[t Lxmi\ y r ^ ^^^itmmmwm^i^c^m: 
y T ^ ^Hc\]vmitmmm<Dmim'y>y'^mL. 

K (1 . 3 urn) X^Ki. yt^^^m^t. m4 0 u 

wr^-So 50 



8-32 0 4 2 2 

n.6 

[0012] m^f'Tmrnm. 'zyt^mi^^'c^crhj: 
[0 0 1 3 ] [Ei3ti. zmoitmi^^^^^iM^'^'^m 

tc. ^(73ti^^^2;j^:^^r^ri^5 ^ >L/c*sm 

^fnr immmrrm : 1 . 6 1 . imrrm : 

1. 6 0. Sy.'ryy'mit. t.'-^^'^y- I ^ ms. 6 
// m CD ^7 V r > t: " - A A:^J . 1 :^ r v*^ /c 0 (Dm ifr 
m^itA n = 0. 0 0 3 p ( p iityt^^V- ) i Lrif 
^} . cn^OHti. I129ifH]tfCC. t-- 

->^3>^V'> F (BPM) ^mi^^rmhntchcov^ 

2*:cD7lc::^ r ^^■^>r^|al$ -tf r^> y' 4 0 0 u m 

^Ltc. m^j^^Mt. m^Ecovvwitm'yyy'i^c^-j 

/c„ 4 0 n W<D^^mm(0 yr^J^t^h mM ^ -ti . 

^ 8 0 9 0 %«±CD*S^?^^^f#/c-^. i4-fWS|f 
jA^^Di^^ti. lATtlO /imrt^8 0%i^±i/j:^/j5^ 

4 Mmrti^e 0-5 o%iA^o. mht^^cnm^^ih 
(SOL NET) :f)mrixi.^hct^mM^ri 

[0 0 1 4] 113 ti. ±iaifS]^iCC. Anf)m]Erj:m^ 

ti, mKm^itAnfj^A^-r^^^m^<Dm^mxi^^ . 

f)i^O'p'^'<rj::^^ ccom^h^fc. Ano:>mmm^m 
yt^mmm^^^'^^ ^-^^ ^ c i cc j: o isiE wf ^ c i 

[0015] mmmmt^m^rj:mvmm'r ^mi[t l 
X{t. m^^^. IEI5 (a) i&mifrm^^:^ 

5(b) *s^^[5--ift;aw^^^'77:)^^sb 



(10) 

17 

An - iV - n- - 2 (n„ - n, N, ) 

[00 1 6 ] ±m\fxmm'\na%m^mtsi t lo 

]mm^(Dm^^^^it<ohrx■mi)mm^^cm^ . mm 
mmmmmmm)%m-h. ^lx. ^^h^^c. mif)' 

S/c. [H 1 Otci^TJ: ^^'j:. tf ^^^' F ( L D ) 
[ 0 0 1 8 ] HI 1 liit. ll3^C^L/c1?ijCC:fol^r. "tti 

^ u /c wtc 4d L ^ r . ^ti^ tKoitmi)^ h \\m $ n ^ 7^ CD 

m \ X^XUl 2<D%\n<0^mt. IEI27. 28:foJ:e>' 
2 9(Z)imcDil^i|5jU-C^-6. ^/c. [HIS ( a ) *5 
J:E>'13 (b) tJ. J:*Qi¥»cim^tfC^ dB^^^r 
^L/c^Smr^fe^o (a*. Butt join 

{y T '<^<) '^^i^x^MM'^^. ^fc. ccx AO 
ti. S O L N E TtiMMW^iA^. S E L P I Ttimi'l 
m^iL^:f-^MML. tfcSELP ITiit-itJl^yy 
:^^mmL'rj:i.^m^X^K} . SELF I T (SF) ti-fe 
)lyy^-t)::<^1^mLfcm^X^6^ SELF IT 

(SF) a. ^^soL^ETcoimtm^-rct^^x 
±iBc73cfc ^cciao/c„ c^i6co[acc:foiir, solne 
E L F I T«a!*f?tICD7tte^f|^n^-ro cn^cDin^ 
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h':xK.(D S O L N E T t)^ ri ^ ^ i I ^ Hi^.t^^m ^M^^ 
^}^i>0)Xch^. 

[0 0 \ Q ] ^ hic^ koyytmt:-A^m\]r^ 

f^ij^dl 4. 1 5:^^:0-1 6(^c^.'i\ Ctihiit. ^ti^ 

^iiA I o:):/ct m^A 2 0)y't(,cn'r^m^y -{ m 
I 9CC^^^^'J:'!)i^J:'7J^^-^:- K (MM) tiyl^^Jl-e- 
K (SM) ItilcD-t- K^f^liAjr^cD^^f^^cT^V^-^x^-if^ 

K (LD) ^6CD7t^^7^;SJf?^^MI42rtiCC7vl^l^^. i 

rr^wi4 2 t|nc^^^r^fl^^^ss^ 3 ;:?r]f^bic^ l d ccm^ 
tij^omxih^a 

[ 0 0 2 0 ] igeofi^/cof^vwxcotf^iijccc^a^r. 

.st^ t^i4 ^ ffl c ^ ^ . ^ mn^ ^ ^ > L r ^ J: 
<. ^6cc-en^ftiicr)Wf4r^^s-ur^>j:c^ 
[0 0 21] Azmi^t-4^mM(^m^ycmmmm^)^!i-Jim 
(D~m^tm'^'^h(Dx$>'o. ycMhL<ut:-Am<t 
Lx{t. ytm'm^(D\^ti)\ ityr^j^. ^m-^i^-^'f. 

A, :7°gXA. 5-7-. t*>d'^-;u. ;^ 'J ^'u- 

^^Mt^ c:f r cDSjs^ w f ^ c i :fmm xih^^ m 
mm-r^m^^^^< . m-oxtmh'e(Dj:':)rj:mmccmt 

^K^^'r^h(OX^^<D-/)^J:i.>. 

[0 0 2 2] '^tc. mm^ti.^'^xh. srohmmm 
-/'j:mrTm^^x^^s^{trj:< ^ m^ijm^^mmmi 

M.X^'^X^< . m^lt. f'-^MXt;:^o:)^^X^'DX 

^mmt^i^^mx^^. ccomxi^t. y^^^^^-^- 
K (FD) tytmm^\(Dm(^cytmmmi^m2i)wm^ 

i u-"if ^^V:^--" F (LD) (Dm-fit^hif'^wm^^^x 



D-i) 

19 

[0023] *j^feH/jc7:>:/;r£ccWfflJt;7fe!fnrr^^WI4i ur 

^^^'^f b-r ^ ^ coi? ^ n( I ^t!)^ ^'j: -2) t> or * r ^ J: 
[ 0 0 2 4] -4^^mcci6i.^x^i. ^mmmm^(Di)^t>^ 20 

[0 0 2 5 ] ^/c. m3--2 0(^cmLXm^Ltcmiit. 
MWT-2)7^chLr. LD. LED. mm^l^-VX^T 

^^mpmmmytmw. LBytmmm&^:^yrtj:^2yt 
-rmim^mm. ^±m'<t>rj:^o:)ryy'::i>^-<^iy 

^/c, :^y:^mm^'pyr^v'^mm^^<Dm9\-itmm so 
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14$ /ct;j:/^^7^M't4cZ)-^[i$ /cti^aiUc^Tt^felW. 2 ±1 

[ 0 0 2 6] $ /c. if^tc . LDyyr-^^<t Mmm^ 

td:. [12 ^(c. mmr^yt^. 

- K (LD) ^umi(OLD±mMmm^tc[t^titmm 

t^xf^^. {t. mmw^m ^ y - ^comm^ l 

r cf: ^ . mm^^ u - ( l. d ) s tie?:* 

1 mm c mmiuncomimcnmr 6ctic^-,xi,m 

mn<Dy ^ h y ^y y -i mWi(D{^'f)\ m^{t. ld^ 
(>cj:K^mitr^m^m^mi.^tc~k)iy r ^ >x 

^'"^^vy hty(^cj:Kiry'^ ct^^x^^. ^/d, i^-V' 
ccJ:^mmo:>m&st'(^cJ:-,xh<];:i.\ ^6cc. ctih 

(D\ma6i.^x{t, y r -i^^^tcumm^} oosu^/c 

w-ecDf-I^SCc-v-^^p u>xi 1 ^B;iJcLr 4>J:< cm 

2 3. 2 4). $y^mty r ^^•<^fc{tm-m^l 0(Dm 
5. 2 6) . :^§^m(Di^<DPM%i^C^i.^X{t. itm^frm^^ 

[0 0 2 7 ] itxmi^c^^ ^mm^cmm^ri:m^mt^:^ 
^^^^f^^c^it^M^tzt'cx. mmmmn^i'^i>^ 

X. 2m]^^tci^t3mmiu±(Dit(ommc^fomrrm^ 

[0 0 2 8 ]$e.CC. 1. Sum. 1. h um^<r>n^ 

0. imm^m&^'^yyx^-oxh. mmmmm^^^^ 

rmtr^^m^y'^U -Mjvyry-i:^ ($/cti^« 
?^^CCI^^^J^'3»:)fe/arr^t;tl4^/c(ii^7tMM^fflC^ 
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[0 0 2 9 ] -^-rjityi^j. :4^mm(DC(0mtmcJ:ti{X. % 

mm cc J: n wAf^mt-^m t-i-^itm wmm ^cyt-^ mm 
^mi-i-^ -j^m tm fft ^ . n.() 

im-t^. gl3 0-3 3CC2?i^:^»-^iA^^Cj:^^^?^ 

fj^'^'j:':)rsm^frm^it^^^c. mmA 1 ^ a 2(Dyt(Dm 
isfff'^^^^ti. ^mmmc^^\:^'4:m:< gr 1 Nuvxi 

. f??'Jx.i:f[Ei3 0-3 SCcij^s-^' 

mmmit. 2--y(Dmim?,^^t^^^'^^i^yr^^yms^m 

rtJ. Ai(tc<D^^rj:MMr:mi^^^ti^. ^j::*b\ 03 0 

X . A2^mm^bLv^^m^. m32 

-C113 3ti A 1 *5j:j>A 2-/)^t iyi^cmmi^^^^m^^ 

[ 0 0 3 1 ] [13 4-3 7 tJ. •\2)Vy y:t-tj:^n^^ 

^If^Lfcm^ CSa_NET: Self-Orqanized Lightwave Net 

Lr<e/cJt». ■t:;U7:7^--;^y^^^^^JffiUJ^j:C^[^3 
0-3 3cDii^tcl:b-<r. ^Si:^cD^nc^?:i:®iSS§7:)^ffJ^r3c 
r^^. ^/c. ^^i^j:< 2ol^_hcD3t|5l±7:)5. T^tcj: 

D f ^ ^ n ^ ;i f;f ^ ^ f t r m ^ t c IP ^ s 1 3! L ^ ^ ci: ^ 
^j:Se^-Cl9:t:r ^ C i J: 0 . ^^iJ^?3S^^ 6 [±111 L /ct^Ih] 

Cn6C7:>llCC:blir. IlI3 4tJA l :b'J:t>A 2?:>^i 
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VA 2ti^thi.cmm\^v^6m^^^<'^\ 
[0 0 32] iEi38-4oti. mm^-/)^^<D\mm(>c}}\\ 

mi\m^^j:a'nmyt(.c^ti^timmA i ^/cua2(7:) 

mrrm-^ f t ^ ^ tJ- „ C O l;i ^ CC tiMI f t ^ ^ll 

[0 0 3 3] cc'c. 2-j(Dmm^o:>iXiD^:^(^c^ 3-^^:1 
^ 2 -o(cPR ^ c i Aj: < ^ 3 ou±<7:)r^iic/^7tc7:>MM 

[ 0 0 3 4] 114 1 -4 3:foi:c:>ll4 4-4 ^S^f^lS 

nmr^ctij^x^^ mm§. u>x. ^^-^ ^'u- 

h -^j: ifD^Ma:)7ferV< ^ x ^ff^^ST^ c i 7:»^r ^ [i 

4 1 - 4 3«. A l<DmCyl^LXimm7.V^^mik 

im(Dm^^^'rh(Dx^^. c(Dm^. -y^omi^^yt 

3 cc^-r J: ^ . Sffi^^mr - Afti^jA cf ^ c i cc J: 
Ki2-:)<Dmmm<DMm^J:K\U^^r<rj:^^ M^bCO:^ 

yr^:jhitb. :^^^>uxmm^^i'^m'^m^x^ 

mA b(D:mm. --jv<D^^mm-f)^e>mmL. mm 
:^\^(D{iLm^Mm-r^m^x^^. igi4 6t3:. -^co^ 

fc{mt^hm^K^nh%) tLx\^-j5(oit^mmL. m 
mm]h^^ ^• ^ - > CD ^ ^m.(Di%iK t wmmk^omm 

<DfpJ_b^?fi'J-:>ri^^^iJr$)S, [14 2. [14 5t1n:^:*c5^ 
0. 3;XK:[^tl^cC;F3W^^:5>^f7(D$IJffl);)^L=^< ^ 

[0 0 3 5] mmm-^^m-^ ^m^\t. m^^cnu^ 
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[0 0 3 6] 5 rmia!L;^c^n^::^/icc:j:0. [IIi/j^O 
t:]:. fHlB^tcM^'l n r ^ J: < . ^ ?MJZmcum iiX 

10 

lis. x^-^y-;-;. 3:cii^f?^^?H?:ci-4.)F^/j^-c-3^^. ^ 

4 o;^^ t) 0 cc S7'c«*4 ^ ffl c ^ r 4> J: I ^ mim u ^ m 
[ 0 0 3 8] ^(Dmmm. itmm^. itvT^^^^ 

r<Dmc >rt L r ^ W'r -£> c <L t^js^^^^ r ^ 

[ 0 0 3 9] 5^-^/r^fc^#; p D tmm^<Dm('C^ 

WimfSLX^^. rUfy^. Ctll^cXK^. T^SMT (7^ 

XA. u>x\ ^iSEfS, t:*>;j^-;u^ /ctJX y h^i2 

[0 04 0] ^^ifuidJa (Wulti -Photon Excitation ) 
^I'mM-r^y^mcDm^l^X. [^4 7^t5j:!>'4 8CC^-r J: 40 

(A 1) (oicxmmxm^cmm^n. ^h^c^m-mt)^ 
hmo:>m^ (A 2) coTferfiiicDtt^jcc^^^^n^j^M. 

^-2>lHi<>cl:OCD*S (A 1 ) (7)7ferJ®j^tt«gC<:ai^^ 
^CD^->;^J?t)^6H!2CO^;^^CC^f^. \^(Dm.^ (A 2) CO 
7t r ^ 6 CC ffe(D^;^^ tc Sj|2 ^ n ^ ttM CC J: 0 j^l^; ^ ^fe C 

^-y-^^^ffiT^J^^-^o Urti. m^\t. IBM J. RE 

S. DEVELOP VOL.26 (1982) 217. -t^. T^H^^f^-^ 4 5 7 1 
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l> > . ~h y > y :7 .r. y > , :^ M'- v ^ > . r- 

-iyyU'\2r> h^-b>. yp h;i<juy > i x>^y ^ 
;L.i:Xt^jI/, ■^>V')l^fc{t-TV'7y:i.:^)VvVyly.i 
>ir i^-t::y"^^5>-h. f^ijx.t;r-/^ y ^? U >x;U;j^-:^;U^ n 
y a - ^P py -'f-JL-J^y 4^ u>^/ctJ:^^ y 'J >x;t' 

[0 04 1] \'')'-tLXy^-7yVtj:t^mi\ y^-tr 
y*^chLrTCNB^/!^C^5C<b^UTtl^t?.io^ (K.Kimu 
ra, Reviews of Chemical Intermediates Vol.2, Veria 
q Chem.QnbH (1979) p.321) . Cfi6^. ^[''Jv, 'j 
V . ^- y -7 $ /cU-e 6 <73^M^"7^)^ 6 -6 h 'J ^ X ^C 

?.^^jn ^ b < {mm utcho^. ^6 ccM^r^ij(^^^fj^ft!ioiii 
/sirr^ hOKii'i i&mmm^^ y v ^ ^^f^/jn 4> o < umn l tc 

(y ^;u- , x^;u- ^ o < ti-Y y y'^^u- y T ^ 

y T =^y >- h g (y ?';uy ^? y h ) 
i:tJ(Dt:r-b^;U-. ■Ov^>'U-^L< ti:^>y T + y> 

- h >-CtJ 3 0 0 5 0 0 nmCDT^i 7 0 0-110 

OnmOTt. (y ^/-juy ^ y h ) 4^(7:»?^ju^<y 

-JlVUS 0 0-3 3 OnrTKDTfei 4 0 0-4 3 0 nmCD^t 
'46j:a'\<0 (\:i:^)VtfJl^^y-Jl) ip<Dl>J^}l-s- 

^^^y-v^T^j^atLr. m^r^m^it^^c^. ^oftox 

b-h. b::-;u. X7i<^^>/^ r^y;u. r;u^;L'r^y 
f— y y h KP^i^r ^ y 1- • y 

^yyu-b. yy p-;ur ^ y h • y y 
r yji/T^ y h • y ^ y y^yf^^i^r 

^ 0 h ' ^ ^ ^ V h . T^yy^xhr^yu 

- h • y 5?^ y h^cio^t^y V. pv. ^y v 
c n 6 cD^ft^4jicc mm l tcm^\- 4> 2 ^ /cti 2 ^g-^ 

mw¥[tLx{^m'^mx^6. ^^cc cn^cc. b-=- 

m-r^t. minm^iKDmm^iK^ ? ^-i^-r c 

-ecDfto4 - u-^;u2 -?tficD7tft^«f4. 3 - u 

2 -iittcD*ft^t^^4?:i: i c7:)^?tfiWI4^-^tf*S 

ji?^t;rf4^;^i^r^iJ:i^. rf<y (y?^>'U-. x^ju-^. 
L'< ^J-Y y y^^';!/- v-ryr y h) ^(Dt^r-^z^f- 

^>t^;U- ^ ^ < y ^1 y > - >-!{b 

ri<y (y 5'^;uy y h) 43C0i^T-fef-^b-. 
i>)l~^l,<{tt)yy yy-iy^ h>rtS7 0 0- 

1 1 0 0nmCD7tCC.^D^/ci5. ^^2^14^ U -IfVjSf^fflr # 
[0 04 2] C n6CDt^^4tJ. U V7^(DMI^^iJnl^,A^Lfl 
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'5 c i J: 0 , mtft^j: a'^<'^fK^mm- ^ c i 
[0 04 3] ^tc. m'^^it(D'{^mL^c^^m.^mfci± h 20 

i\ cnti. LD, LED. mm'^\^-~'f ' itr^V'tj: 

[0 04 4] cn6co^-^. itr'j^^ 7.(^cn%^i)^hmK 30 

^ X tcndl5:0^ 6 7^ ^ MM 0 . C n CC cfc ^ 7"^ ^ W 

t> 3 >i^w:fo J: s H Gmmt^hmiittifcwm^-^^ $ 

[0 04 5] ^^cns, *;S?i?^t:m* i^ctd:.^*W4CC 
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}mi%tKW\it<Dmm')m^cx 0 s o l n ii T^f^t^-r 

'5J:9tC'^-^C g^?=iEf*^ll5 "y-U^V, 

^•ti-^C ch/j^r^^. [12 2Cc^'rj: ^cc. 

D^mmmt mm cmm^m(o%mmcB)m c t 

M'^o^y :t \- \) y 'J'y y -< o:>[^i)y^ l DMcX 0 ^ 
y hytyv^m^Vch^. 

[0 0 4 6] c(om^. y T ^ y^^fMmmmm^tc 

^ fc u yy^^ mfp h mw^ a i o^^^ Mt Lr ^ . 
Mi^ciSiSA 1 cD7t7:)\ii^s^i^n^iigj^A 2(Ditimit 

^■^ss^/cu:^ T A i (D3^7:)^ai^L/ccDch 

mtum^^ti^. L omtrnm^tfcity r^^^mco 
mr^tx2<Dm'^m.m^ti. LDi)^^A2(Dic^mm 

mmrj:iX'6l'^n^cti:>omxih^o tin^rcowccfc 
^^xhrjii^K ^tc. '^i6^i±^fcib(Dmmittux. 
[ 0 0 4 7 ] ccoJt^^. ^/c. y 7 ^^^l^fc{tm-i&m 

^^<D^m^m^^^cti)'^x^h. 

[ 0 0 4 8 ] [15 Oti. L DifSi^tD^-r^^-^cO^iJ^in-r 

iH-¥Wi4 s fc\tmimmmim. $ c ^ ^ . l d i -7 r 
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[0 0 4 9] -tuh^. m'^m(oit'7'j-<^ 'A(ovm>f^M 
Tt-r'^ ^' Y X ;:)^ 67t^ H^t't 0 r /m^^f ^-5>rt7^ f^fi^T ^ c i 

c ^ r ^ >V -X /j^ 6 C73 f Ji S^T^CC J: 0 /S*r$^5>^ ^ JF^lS L r . 

±12 cc :jd o r . ytm ifrmnpuc ix ^ r ^iitwkA ^ c ^ r 

[0 0 5 2] 7:)^^^^:^^n^I(D^riCcJ:^t^, WM.^OA 

[ 0 0 5 3 ] 1115 1 icmif7\<yj^(^cj: ^-j^-m<Dm^m^ 

C<th'^mX^^6. m^ii'X. 6 8 OnmOLDi>'>^Jt/ 

115 6 (a) . 5 6 (b ) :b'ct:C>'5 6 ( c ) ti. 
>>/jL'^- K:7 T >f ^^'<b^ 3 0 0 . 1 0 0:te<fcCK4 0 M 

Lfch(Dt^i^mx^6. L D^^yt (2 0 0 u'^aT) 

mmcy T -i^^tf^ibHe - N e U-'^fit (6 3 3 50 
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n in. 2 0 u\V) ^iM^l^itta^M. -t-t' -^7!)^ 1 0 0 

0 u m(Dm^ic hm^ e ( a ) cc^.-^-^^ (^cft^i^nmit 

(0 9 = \ r , ^9 V = 1 7 ^ ) „ c c L. D 
1:1: ^- ^ f b ^ r . Il^jir^j rj: it^m^ mm^i^ ^ c t hvt 

J: ^ . ^'c'J^iS ^ [il [±] ^ X. 6 I ^ J: ^ /j: i^iH 
[ 0 0 5 4] 5 2 tc. ±^Etmm<D^n'TLD(0^j-^P 

r4>J:i^o y-f -(^<(Dm^^(D^- \''y .< -)V Ymx^l 
O/iinrti. [15 6 (b) CC^TJ^OCC. m^^h^^tt 

4>cc?jj^7i)i>„^L. \ ^%(oui^n^f)mhrifc. ld 

5^)^r^±-r^^c7)<l:#^6n^. ^6^C^> ^ 4 O ^ 
mCCf^i. [156 (c) tC^t-cfc^tC. 3 

G^«7fettcD;S#r*5>-7H i)^X 
3) . 

[0 0 5 5] U%5. [156 (a ) --56 ( c ) tCf^t^J: 

±#ti^i^^i•AJ:< ([D5 6 (a) . 5 6 (b) ) . ± 
iacD2 7^^iCCl:bLT. nmi^'^A^tSi.^ Ll^A.^. [157 
(a) *5J:C^'5 7 (b) ic. Mf|iW^iA^:^^5^i L Di|iJ 

jA^SOLNETcD 1 or^^. L D - :7 r ^ ^^TB1+> 

i^^^nmo:>mm^-{-x. •> :7*3 o o ^ m-ct^. l 

BBinBm^x 1 0 (^?^j:otc>r^r L . MflW^rti 4 0 
i ^j£^tc A ^ < itc o r I ^ ^ . c tUi . L D ffliiM-fflW^r 

t^. L D CD L'- A;^ > [^ XcDtil:A^)Jl^CD^>/j5^f# 

-r xcD jiz: A^m^c /jn x. r . s i ^ od* t^' - a cdo^^ v^i^^ 
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[115 4 ] 



[{15 5 ] 



A 2 . «JSife3ftfl'iaL:«,. 



[115 6 ] 
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[116 2 ] Pf^ . 




?fc«g^ — (4) 




(28) 



nmW- 8-32 0 4 2 2 




0 



8 - 3 2 0 4 2 2 



[[EI60] Fi^.60 
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[116 1 ] 



(30) 



8-32 0 4 2 2 
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(51)Int.Cl 

G 0 2 B 6/42 
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G 0 2 B 6/12 
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W^i I mi I »Tpt:f'MIS±/J^ffl ^ 1015#ii 

^^^^^ll^mJlWrf^43M^s±/J^B3l+IlOl5#m 

(72)^a^# ^lU 

»i^jiimii»m4^JME:±^hEQ4=iioi5#ttb 
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